Abstract -AC-DC measurements have been performed using a pulse-driven AC Josephson Voltage Standard with a small cryostat. The deviation at higher frequency was an order of magnitude smaller than was observed before with a normal cryostat. Furthermore, the influence of other cables and equipment was investigated. The results support the explanation of the frequency dependence in terms of standing waves.
I. INTRODUCTION
For high-accuracy AC-DC calibrations the DUT and the reference converter are usually connected as close as possible to each other, such that the reference plane of the measurement is close to the input connector of both DUT and reference. In the case of a pulse-driven AC Josephson voltage standard (ACJVS), the calculable AC voltage is generated at low temperatures (in our case 4.2 K), whereas the measurements are performed with equipment under test at room temperature. The voltage leads and connection cables cause the output voltage to show deviations that scale with frequency squared; deviations of almost 1 % at 1 MHz have been reported for a cryostat with voltage leads of about 1.5 m [1] . For practical applications, this limits the ACJVS output frequency to approximately 100 kHz [1] - [3] .
Recent investigations revealed that the frequency dependence is caused by reflection of waves at the high impedance of the load [4] . Calculations showed that at first order approximation the voltage at the input of the device under test is increased by a factor that scales with the cable length squared, the signal frequency squared, and the inverse speed of light v squared, independent of other parameters. It was suggested that using a small cryostat would result in much smaller deviations than observed in Ref. [1] .
In this paper we present new measurements obtained using a He-4 cryostat at PTB with a short cryoprobe, which enables a distance of only 70 cm between the Josephson array and the output connector at room temperature. We connected a commercial AC-DC thermal transfer standard (TTS) for the high accuracy measurements, similar to Refs. [1] - [2] .
II. MEASUREMENT SETUP
In the PTB pulse-driven ACJVS [5] a chip with two arrays of 9000 junctions each was installed for the measurements described here. The ACJVS output voltage was connected directly to the TTS under investigation, see Fig. 1 . A teeconnector was used to connect a digitizer to verify the spectral purity of the generated waveform. A coaxial cable was used as voltage lead inside the cryoprobe. This cable causes a significant thermal voltage, which was compensated for by adding a DC offset in the digital code sent to the pulse pattern generator (PPG). In order to avoid possible ground loops and other disturbances, the LF compensation circuit was disconnected and the ACJVS was driven with AC coupled bipolar pulses only. Both the Lo terminal of the TTS input and the guard and chassis at the output terminals were grounded. A 20 mV output voltage was chosen, close to the maximum value that can be obtained without LF compensation (at a sigma-delta code amplitude of about 10 %) and close to the upper limit of the TTS in its 22 mV range. Note that the TTS in this setting has 10 Mohm input impedance.
The AC-DC difference at 1 kHz was measured first. Then less noise-sensitive AC-AC differences were measured, in which measurements at higher frequencies were compared to the 1 kHz result. A PPG delivering positive and negative pulses at a clock frequency of 15 GHz was used. Switching between different signals could be done very fast by using different memory benches of the code generator, such that settling times are significantly reduced and waiting times of 10 seconds were more than sufficient. Fig. 1 . Simplified measurement setup. Note: the ACJVS chip is cooled by exchange gas only.
III. EXPERIMENTAL RESULTS AND DISCUSSION

A. Direct connection
To avoid possible influence from the digitizer, after tuning the ACJVS the digitizer was disconnected from the setup and the tee connector was covered with an open cap. A square frequency dependence was observed indeed, but with a maximum deviation of only 750 μV/V at 1 MHz, which is more than a factor of 10 less than the almost 1 % mentioned before. The measurements at lower frequencies were corrected based on the PTB micropot calibration result at 1 MHz, assuming squared frequency dependence, as explained in Ref. [1] . Figure 2 shows that the ACJVS results found this way agree well with the micropot results. Note that by definition of our compensation method the micropot results and the corrected ACJVS results at 1 MHz agree.
B. Cable influence
Starting from the configuration described in the previous section, we changed the configuration of the system. First, we inserted an extra cable between the cryoprobe and the TTS. Cables of 25, 50, 100 and 127 cm were used, replacing the adapter including the tee-connector with cap. For the largest cable of 127 cm we found a deviation of 0.34 % at 1 MHz; when assuming the path length within the cryoprobe and within the TTS to be 89.5 cm the deviation showed a square dependence on cable length as predicted [4] .
C. Other equipment connected
Starting from the original configuration without extra cable, we connected the digitizer with 1 meter of cable to the tee connector. Even though the length between ACJVS and TTS was the same, the deviation changed from 0.08 % to 0.29 % at 1 MHz. Disconnecting the digitizer but keeping the cable did not change the result. This indicates that reflection of waves at the end of this connection cable has the same effect on the TTS input voltage as the cable between ACJVS and TTS.
Starting from the first configuration with direct connection again, we generated 20 mV with compensation signal from battery-operated home-built compensation electronics; the result showed doubling of the deviation at 500 kHz (the maximum frequency supported by the compensation circuit). When disconnecting the compensation electronics but keeping the extra cable used to connect the compensation, only a slight increase was observed. When generating 50 mV with compensation electronics the deviation was as large as 0.26 % at 500 kHz. Using a voltage source with series resistor replacing the home-built compensation electronics this deviation was reduced to the value at 20 mV with only the cable connected. This suggests that the compensation electronics complicates the circuit and injects unwanted currents in the system.
VI. CONCLUSION
In this paper we have shown the results from AC-DC measurements performed using a pulse-driven ACJVS with a small cryostat enabling voltage leads of about 70 cm only. The deviation at higher frequency, which is the parameter to be corrected, was an order of magnitude smaller than was observed before with a normal cryostat. The observed square dependence on the signal frequency and cable length follows exactly the expected behavior. All results agree well with the calibrations performed in a micropot system. Furthermore, the influence of other cables and equipment was investigated. The results support the explanation of the frequency dependence in terms of standing waves. 
